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We have studied the reconstruction of supersymmetric theories at high scales by evolving the funda-
mental parameters from the electroweak scale upwards. Universal minimal supergravity and gauge
mediated supersymmetry breaking have been taken as representative alternatives. Pseudo-fixed point
structures require the low–energy boundary values to be measured with high precision.
1. When supersymmetry is discovered
and its spectrum of particles and their prop-
erties are measured, the mechanism of elec-
troweak symmetry breaking must be deter-
mined. This will be related to the reconstruc-
tion of the supersymmetric theory at high en-
ergy scales. This problem will be addressed in
this report. In particular, we will explore the
bottom-up approach, which is the most unbi-
ased method in this context. First indications
might already be given by the particle spec-
trum and various experimental signatures.
We assume that precision measurements at
a high luminosity e+e− linear collider1 (LC)
are available. More details and an extended
list of references are given in Ref.2.
As representative examples
we study minimal supergravity (mSUGRA)3
and gauge mediated supersymmetry break-
ing (GMSB)4. mSUGRA is characterized by
a GUT scale MU of O(10
16 GeV) where the
gauge couplings unify. MU is also the scale
of supersymmetry breaking which is param-
eterized by a common gaugino mass param-
eter M1/2, a common scalar mass parameter
M0 and a common trilinear coupling A0 be-
tween sfermions and Higgs bosons. GMSB
is characterized by a messenger scale Mm in
the range between ∼ 10 TeV and ∼ 106 TeV.
In this scenario the mass parameters of parti-
cles carrying the same gauge quantum num-
bers squared are universal. The regularity
for scalar masses would be observed at the
scaleMm while the gaugino mass parameters
should unify at 1-loop order at the GUT scale
MU as in the mSUGRA case.
2. The mSUGRA point we have ana-
lyzed in detail, is characterized by: M1/2 =
190 GeV, M0 = 200 GeV, A0 = 550 GeV,
tanβ = 30, and sign(µ) = −. The modu-
lus of µ is calculated from the requirement
of radiative electroweak symmetry break-
ing. We have checked the compatibility
of this point with b → sγ 5 and the ρ-
parameter6. We have used two-loop renor-
malization equations7 to define the parame-
ters at the electroweak scale where we also
have calculated the threshold effects8.
The parameters provide the experimen-
tal observables, including the supersymmet-
ric particle spectrum and production cross
sections. These observables are endowed
with errors as expected from a future LC
experiment9. The analysis of the entire par-
ticle spectrum except the gluino requires LC
energies up to 1 TeV and an integrated lumi-
nosity of about 1 ab−1. The errors given in
Ref.9 are scaled in proportion to the masses
of the spectrum. Moreover, they are inflated
conservatively for particles that decay pre-
dominantly to τ channels, according to typ-
ical reconstruction efficiencies such as given
in Ref.10. Typically the relative errors ex-
pected from measurements at a Linear Col-
lider are O(10−3) for weakly interacting par-
ticles and O(10−2) for strongly interacting
particles (for more details see Table 1 in 2).
For the cross sections we use purely statis-
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Figure 1. mSUGRA: Evolution of (a) gaugino and (b) sfermion mass parameters in the bottom–up approach.
The mSUGRA point probed is characterized by the parameters M0 = 200 GeV, M1/2 = 190 GeV, A0 =
550 GeV, tanβ = 30, and sign(µ) = (−). [The widths of the bands indicate the 95% CL.]
tical errors, assuming a conservative recon-
struction efficiency of 20%. In the case of the
gluino we assume that LHC can measure its
mass within an error of 10 GeV 11.
These observables together with the cor-
responding errors are interpreted as the ex-
perimental data from the experiment and
they are used to reconstruct the underlying
fundamental parameters. These parameters
are evaluated in the bottom-up approach to
the grand unification scale within the given
errors. The results for the evolution of the
mass parameters to the GUT scale MU are
shown in Fig. 1. The left-hand side (a) of the
figure presents the evolution of the gaugino
parametersMi which apparently is under ex-
cellent control, as is the extrapolation of the
slepton mass parameter in Fig. 1(b). The ac-
curacy deteriorates for the squark mass pa-
rameters and for the Higgs mass parameter
MH2 . This can be understood after inspect-
ing the corresponding RGEs. In case of MQ˜1
the parameter receives a rather large con-
tribution from M3 when renormalized from
the high scale down to the electroweak scale:
The error on M3 is large compared to M1,2
as can be seen from Fig. 1a) and is in turn
the source of the error on the squark mass.
In case of MH2 large Yukawa couplings lead
to a pseudo-fixed point behaviour implying
a rather weak dependence of the electroweak
parameter on the original parameter at the
high scale.
Inspecting Fig. 1(b) leads to the con-
clusion that the top-down approach even-
tually may generate an incomplete picture.
Global fits based on mSUGRA without allow-
ing for deviations from universality, are dom-
inated by M1,2 and the slepton mass param-
eters. Therefore, the structure of the theory
in the squark sector is not scrutinized strin-
gently at the unification scale in the top-down
approach. By contrast, the bottom-up ap-
proach demonstrates very clearly the extent
to which the theory can be tested at the high
scale.
3. The analysis has been repeated
for gauge mediated supersymmetry breaking.
Regularity among particles carrying the same
gauge quantum numbers squared, should be
observed in the evolution of mass parame-
ters at the messenger scale Mm. The evolu-
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Figure 2. GMSB: Evolution of sfermion mass pa-
rameters in the bottom–up approach. The GMSB
point has been chosen as Mm = 2 · 105 TeV, Λ =
28 TeV, N5 = 3, tanβ = 30, and sign(µ) = (−).
[The widths of the bands indicate the 95% CL.]
tion of the sfermion mass parameters of the
first/second generation and the Higgs mass
parameter MH2 is presented in Fig. 2. It is
obvious that MH2 approaches the mass pa-
rameter for the left-chiral sleptons ML1 at
the GMSB scale which is indicated by the
arrow. Moreover, the figure demonstrates
clearly that GMSB will not be confused with
the mSUGRA scenario as no more regularity
can be observed at the GUT scale MU .
4. The model–independent reconstruc-
tion of the fundamental supersymmetric the-
ory at the high scale, the grand unification
scale MU in supergravity or the intermediate
scale Mm in gauge mediated supersymmetry
breaking, appears feasible. Regular patterns
can be observed by evolving the gaugino and
scalar mass parameters from the measured
values at the electroweak scale to the high
scales. The necessary high accuracy requires
in addition to the LHC input values high–
precision LC values. The future experimen-
tal input from LC is particularly important if
the universality at the GUT scale is (slightly)
broken.
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